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Silicon-Based Optoelectronic Integrated Optical Phased Array

Zhuang Dongwei, Han Xiaochuan, Li Yuxuan, Song Junfeng

State Key Laboratory on Integrated Optoelectronics, College of Electronic Science and Engineering, Jilin University,

Changchun , Jilin 130012, China

Abstract Optical phased array (OPA) can realize beam scanning in space with no need of mechanical rotating. It
has a universal application prospect in many fields, such as laser ranging and free-space optical communications.
Silicon-based optoelectronic integration technology can integrate large scale optical devices on the chip and fully
compatible with CMOS integrated circuit technology. OPA based on this technology has the characteristics of fast
scanning speed, small volume, low cost and low power consumption. At present, the maximum of scan range of
OPA fabricated by silicon-based optoelectronic integration technology is 80° in horizontal direction and 36° in vertical
direction. We briefly introduce the scanning principle of OPA. The newest research results at home and abroad are
summarized and analyzed. Finally, the key issues that need to be solved are discussed and some solutions to improve
performance are proposed.
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Fig. 1 Schematic of phase modulation optical phased array (OPA)
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Fig. 4 (a) Schematic of large-scale nanophotonic phased array, the inset is close-up view of one antenna unit;

(b) scanning electron microscope (SEM) of part of whole structure; (c¢) close-up SEM of one antenna unit
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Table 1 Specifications of one-dimensional scanning phased array
Laser Total number of Wavelength / Scanning Beam width /(°) Beam width /()
Rel. source waveguides nm angle /() (steered axis)  (non-steered axis)
[21] Off-chip 12 1550 10.2 — —
[22] Off-chip 16 1550 23 1.27 —
[23] On-chip 8 ~1594 12 1.8 0.6
[24] Off-chip 16 1550 51 3.3 -
F 2 ZHARMMERERS R
Table 2 Specifications of two-dimensional scanning phased array
Beam Scanning Scanning Beam
Total Wavelength / Wavelength /nm
Laser width /(%) angle /() angle /() width /()
Ref. number of nm (horizontal (vertical
source (horizontal  (horizontal (vertical (vertical
waveguides direction) direction)
direction) direction) direction) direction)
[28]  Off-chip 16 1550 2.7 2.3 1500-1600 14.1 2.4-2.8
[30]  Off-chip 16 1555 0.6 20 1525-1625 14 1.6
[31]  Off-chip 16 1500-1600 3.5-4.0 50 1500-1600 15 3.5-4
[34]  Off-chip 8§ X8 1550 1.6 12 1550 12 1.6
[35]  On-chip 16 1550 1.2 20 1480-1580 15 0.5
[37]  Off-chip 2X2 1550.91 — 30 1550.91 30 -
[38]  On-chip 32 — 1 23 1555-1605 3.6 0.6
[40]  Off-chip 4 X4 1550 - 4.93 1550 4.93 —
[41]  Off-chip 50 1550 0.85 46 1454-1641 36 0.18
[43]  On-chip 128 1300 0.1440.02 80 1260-1360 17 0.142+0.005
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polar coordinate
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by standard IME silicon-on-insulator process
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